The aim of the study was to establish the effects of the vocal therapy by manual compression of the larynx on dysphonia due to a partial laryngectomy and compare them with the effects of the standard vocal therapy. The prospective study included 66 patients submitted to any partial laryngectomy type. The patients were randomly classified into two groups: Group I (33) receiving the standard vocal therapy, and Group II (33) submitted to larynx compression vocal therapy. The 6-week vocal treatment was performed. The treatment effects were evaluated by subjective and objective voice analysis methods. The subjective and objective acoustic voice analysis revealed a significant influence (p<0.05) of either of the two vocal therapy modes on initial dysphonia. The larynx compression vocal therapy had better effects on the acoustic parameters: habitual fundamental frequency, mean fundamental frequency, standard deviation of fundamental frequency, maximal fundamental frequency, harmonics-to-noise ratio, and signal-to-noise ratio.
Introduction
Partial laryngectomies belong to the group of open surgery techniques and preserving surgical procedures since their objective is to preserve swallowing, breathing and speaking functions without a permanent tracheostoma. The voice status and communication ability are important elements of the postoperative life quality. If the adequate communication is made impossible or impaired, as many as one fourth of the patients operated for laryngeal carcinoma develop a psycho-social distress of the depression type [1] . Only few studies have investigated the vocal techniques of voice rehabilitation after a partial laryngectomy [2] . The vocal therapy concept, aimed at contributing to good-quality phonation by vocal training, has been maturing in recent decades. As well as in other types of muscle training, the vocal training is aimed at increasing the strength and flexibility of muscles and improvement of their coordination. The investigations of the cricothyroid and thyreoarithenoid muscle have confirmed the vocal training process results in the increased peach and intensity range of the voice [3] . Dysphonia after partial laryngectomy may be treated by non-specific and specific vocal therapy modes [4] . It was as early as in 1910 when Gutzmann reported the vocal function improvement achieved by a manual (digital) compression applied on the cartilaginous larynx skeleton [5] . As a therapy technique, larynx compression was established by Seeman in 1919 [6] . Brodnitz described digital compressive tests: lateral manual compression, cricothyroid approximation, combination of lateral compression and cricothyroid approximation, and anteroposterior compression, all improving dysphonia in insufficient glottis occlusion. Isshiki at al. applied manual compression tests in the course of the preoperative preparation for phonosurgery of the larynx skeleton [7] . Compression exerted on the thyroid and cricothyroid cartilage modifies the position, shape and tension of the vocal cords. The method is simple, non-invasive, requiring no instruments. The objective evaluation by aerodynamic tests, maximum phonation time (MPT), phonation quotient (PQ), and mean flow rate (MFR) significantly confirm beneficial effects of the manual compression on the glottis occlusion, as well as the objective acoustic analyses and the videostroboscopic finding. The lateral compression reduces the laryngeal gap and the amount of high-frequency noise components and improve breathy voice [7] . During phonation, the pressure sensitive receptors within the muscular spindles are activated, besides the others, sending the impulses about the position of the larynx in the neck, and the activities of the external laryngeal muscles [8] . In the therapy of the voice in organic laryngeal insufficiency, as well as in partial laryngectomy, Salimbeni, 1991 recommended the downward larynx compression, resulting in both dynamic tone lowering and better occlusion. In this way, the structures are brought into a better occlusion contact, producing a better proprioceptive sensitivity [9] . Samilan, 2002 reported the digital compression onto the cartilaginous frame of the larynx as the strategy in the laryngeal incompetence accompanying partial laryngectomy [10] . Mumovic 2004 applies this therapeutic method in the conservative treat-ment of dysphonia in the recurrent nerve paresis and other types of insufficient glottis occlusion [11] .
The aim of the investigation was to assess the effects of the laryngeal compression vocal therapy on dysphonia after the partial laryngectomy, and to compare them to the effects of the standard vocal therapy methods.
Material and Methods
The investigation included 66 male patients who had undergone any of the partial laryngectomy type. Seven types of surgery were performed: supraglottic laryngectomy, cordectomy, hemilaryngectomy, fronto-lateral laryngectomy, cricohyoepiglottopexy (CH-EP), near-total laryngectomy and supracricoid hemilaryngopharyngectomy (SCHLP). Each patient represented his self-control. The subjects were classified consecutively, as they had arrived. The investigation was carried out at the Department of Ear, Throat and Nose (ENT Department) of the Clinical Centre of Vojvodina, as a prospective study in the period from 2001 to 2008. The approval of the Ethical Committee of the Medical Faculty of Novi Sad as well as a written consent from each patient was provided. Group I (33) included the operated patients who received the standard vocal therapy, with the application of non-specific and specific vocal therapy regimens. The voice rehabilitation took six weeks at least, it was performed 2-3 times a week at the Phoniatrics Ward, and it also included a regular daily work at home. The vocal treatment was performed within six post surgical months. Group II (33) consisted of the operated patients who were submitted to the larynx compression vocal therapy. The compression onto the cartilaginous larynx skeleton was adjusted to each patient, selecting the compression direction producing the best phonation effects.
Methods of investigation included the following method:
1. The subjective acoustic voice analysis (by hearing perception). It was performed by applying the GI-RABS Scale [12] . The perceptual acoustic assessment was performed separately by a phoniatrician and a phonopedist in a sound-proof room. Phonation of all Serbian vowels was assessed, as well as a prolonged phonation of the vowel A and the selected phonetically balanced sentences and text. On the basis of the perceptual assessment, the following categories were defined: grade (G) -overall dysphonia grade, instability (I) -variability of the phonation quality, roughness (R) -harshness of the voice, breathiness (B) -pneumophonation, asthenicity (A) -weakness of the voice, and strain (S) -tension of the voice. Each parameter was assessed by both examiners independently, qualifying it by one of the four grades: 0 (no voice pathology), 1 (mild disorder), 2 (moderate disorder), and 3 (severe disorder). The assessment was in both examined groups performed at the beginning of vocal rehabilitation, then after six weeks of rehabilitation and six months after the surgery.
2. The objective acoustic voice analysis -The voice sample was provided in a sound-proof room, at usual peak and intensity of the speaking voice. The voice was recorded at 5 cm-distance from the mouth, using a microphone (model Boehringer ultra voice XM 8500) with a mixer (Eurorack UB 520 ultra lownoise design 5 -input 2 bus mixer). The most stable segment of the voice sample was analysed by the computer system TIGER DRS, with a software version Dr Speech (4) Vocal Assessment, which made it possible to analyze the following parameters: habitual (most common) fundamental vocal frequency (FO) (Hz), mean fundamental vocal frequency (Mean F0), standard deviation (SD) FO, maximum (Max FO) and minimum fundamental vocal frequency (Min FO), maximum (Int max) and minimum phonation intensity (Int min) (dB), jitter % -the parameter suggesting a variable vibration frequency in short intervals, shimmer % -the parameter suggesting the amplitude variability in short intervals, harmonics-to-noise ratio (HNR) (dB) -the parameter representing the ratio between the harmonic and noise elements of the voice, signal-to-noise ratio (SNR) (dB) -the parameter representing the ratio between the overall sound signal and noise components of the voice, normalized noise energy (NNE) (dB) -the noise energy magnitude in the voice [4] . Due to the software possibilities of the computer system Dr Speech, three pathological ty pes of the voice were identified: hoarse voice, harsh voice and breathy voice. Each type was assessed by four intensity scores: 0 -normal voice condition, 1 -mild deterioration, 2 -moderate deterio ra ti on, 3 -severe deterioration. In both groups, the co m puter voice analysis was performed prior to the vocal therapy, 6 weeks after the therapy had been introduced, and six months after the surgery. 3. Statistical data processing -The data collected during the investigation were stored into the data base designed for that purpose. After the data had been loaded and checked, they were processed by the methods of descriptive and interferential statistics. The following parameters were calculated and presented: sample scope, arithmetical mean, median, range of values, standard deviation. The attributive features were presented by absolute and relative numbers, and the comparison of these data for both groups of patients was done by the chi square homogeneity test. The mean values for numerical features with normal distribution before and after the treatment were compared by the t test for matched samples, i.e. by Vilcocsone's test for the features measured by the ordinal scale. The numerical feature differences between the two examined groups were tested by the t test for independent samples, i.e. by Mann-Whitney's test for the features lacking a normal distribution. To compare the numerical feature values between the groups of patients, the mono-factorial variance analysis was applied, i.e. Cruscal-Waliss test, depending on the type of the data. The statistical data processing was performed by the program SPSS 14 for Windows. Table 1 presents variations of the patients' GIR-BAS scale scores. The Vilcocsone test shows that all GIRBAS scale parameters are improved after the vocal therapy in both examined groups, without significant difference between them. By applying the nonparametric Vilcocsone's test for matched samples, a significant difference was detected in the scores of the objective parameters of hoarse, harsh and breathy voice before and after the treatment in both examined groups (p<0.05). No significant change of these values was recorded in either of the groups six months later, that suggesting that both groups had achieved a stable treatment effect. Using the non-parametric Mann-Whitney test, no significant treatment efficacy difference was recorded between the examined groups. Table 2 shows the relevance of the treatment effects in the groups treated with or without compression using the Vilcocsone test for matched samples. It can be seen that the values of the parameters habitual FO, mean FO, SD FO, max FO, HNR and SNR were significantly improved approaching normal ones in the group treated by compression, but not in the group receiving the treatment without compression. Therefore, the voice therapy with larynx compression significantly contributes to the peak of the speech voice to approach the normal levels and considerably reduces the presence of noise components in the voice. For the parameters jitter % and normalised noise energa, the treatment proved effective in both groups, but further testing (Mann-Whitney test) revealed no difference between the groups. No difference was found in either of the examined groups between the parameters assessed after the treatment and six months after the surgery.
Results

Discussion
Several authors apply the subjective (perceptual) voice analysis (GRBAS scale) in partial laryngectomy [13] [14] [15] . In our investigation, we have also used the parameter I (instability), which indicates variability of the vocal features during the continual speech and it may be recorded in postoperative dysphonia, probably due to the presence of both the old and the new phonation mechanisms. The obtained results suggest that both vocal therapy modes improve significantly all subjectively assessed elements of hoarseness, with a stable maintenance of the achieved effects. In our investigation, the subjective analysis revealed no differences between the two treatment modes. The objective assessment of the voice types as hoarse, harsh or breathy confirms the finding of the subjective perceptual voice analysis, revealing no differences between the two treatment modes. A scale with more gradation levels would probably reveal some differences between the therapeutic groups. Our analysis of the objective numerical acoustic parameters has revealed differences between the standard vocal therapy and the treatment with larynx compression. In all types of partial laryngectomies, except in subtotal laryngectomy (CHP and CHEP), an increased F0 was recorded, which is in correlation with other authors' findings [16, 17] . The increased frequency may be explained by increased rigidity of the scar structures diverse in intensity, a shortened vibration segment, reduced mass of the voice generator and increased subglottic pressure [18] . The scar lesions stop the mucosal wave. The adductor muscles may have an elevated tonus. The objective acoustic evaluation of the vocal thera- py effects has revealed significantly reduced habitual F0 values, approaching the normal ones only in the group receiving the vocal treatment with larynx compression. Salombeni [9] also reported that the larynx compression resulted in a better occlusion and dynamic reduction of F0. On the other hand, our results are opposed to Bron's opinion stating that the voice peak is conditioned by anatomic changes and cannot be altered by the vocal therapy [13] . The Max F0 values decreased after the vocal therapy only in the group with larynx compression, while the Min F0 values remained unchanged in both groups, suggesting that it was probably the lowest possible frequency of the habitual phonation. Intensity alterations are due to impaired occlusion, reduced muscle strength, altered subglottic pressure and reduced vibration amplitude [18] . Although the altered intensity values of the habitual phonation had been expected in our investigation, they were not significantly manifested. In addition, more detailed investigations of the effects of the vocal therapy on the voice intensity range after partial laryngectomy should be performed. The objective acoustic analysis has shown that the vocal therapy affects the jitter and shimmer parameters. Disorders of these parameters may be expected in insufficient glottis occlusion, irregular glottis edges, neural disorders and excessive lesions of the voice generator [18] . All these disorders are recorded in partial laryngectomy. The jitter % parameter has significantly approached normal values after either of the treatment modes, but when these were mutually correlated, no significant difference was recorded. Variability of the vibration amplitudes (shimmer %) did not significantly change in either of the groups after the vocal treatment. Pneumophonia or noise components of the voice in partial laryngectomy may be of glottic and supraglottic origin. In the first case, it is the result of the turbulent air flow due to insufficient occlusion, and in the second case it is the result of the supraglottic constriction, which is probably a compensatory mechanism providing protection of the larynx from aspiration, i.e. enabling swallowing. Our investigation showed reduced noise components of the voice in both examined groups. However, the analysis of HNR and SNR parameters has revealed that the ratio between harmonic and noise components change in favour of the harmonic ones only after the vocal treatment with compression. It is possible that this vocal therapy mode has positive effects on reducing the noise of supraglottic origin, i.e. on improving the supraglottic resonant function. This vocal therapy mode could improve functional results of partial laryngectomy [19] .
Conclusion
Postoperative vocal results and vocal therapy results in partial laringetomy cannot be entirely predicted. The subjective (perceptual) and objective (computer) acoustic analyses of the voice have revealed significant effects of the vocal therapy on all pathological types of the voice after partial laryngectomy, gaining positive effects maintained over the next 6-month period at least. The objective numerical acoustic para-meters have shown that the voice rehabilitation with compression of the larynx is more effective than the vocal treatment without larynx compression.
